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ABSTRACT 

h8"+1B4)8B1"5)"5O1"B5+251->"+1;)0018*1*"L>"5O1".*9,B)+>"E)2+*<"5)"1P4+1BB"4/285"-181B"C)+"42+5,;K/2+/>"1CC1;5,91"

4)/>-2/2;5K+)82B1",8O,L,5,8-"4+)51,8B"V=Xh=BY")+")5O1+",8O,L,5)+B")C"Xylella fastidiosa"VXfY"4)/>-2/2;5K+)82B1"V=XY",8"

5+28B-18,;"-+241"+))5B5);FB<"5O,B"244+)2;O"R2B"2*)451*"5)"18O28;1"-+2419,81"=,1+;1pB"*,B12B1"V=3Y"+1B,B528;16""TO,B"4+)4)B2/"

*1B;+,L1B",851-+251*"B5K*,1B"2,01*"25"5O1"19185K2/"*14/)>0185")C"5O25"B5+251->6""T)"12B1"5O1"425O"5)";)001+;,2/,S25,)8<"=h=(."

,891B5,-25)+B"R,//"1P20,81"+1/19285"h851//1;5K2/"=+)41+5>"28*"+1-K/25)+>",BBK1B"2BB);,251*"R,5O"5O1"KB1")C"5O,B"B5+251->6""."

+1/,2L/1"B)K+;1")C"+1;)0L,8285"Xf"=X"R,//"L1"*191/)41*"28*"5O1"=X"R,//"L1"KB1*"5)"B;+118"*,91+B1"=Xh=B"C)+"5O1,+"2L,/,5>"5)"

1CC1;5,91/>",8O,L,5"5O1"Xf"=X"18S>016""X+241"+))5B5);F"/,81B"R,//"L1"5+28BC)+01*"R,5O"5O1"0)B5"1CC1;5,91"=Xh=B"28*"B,-82/"28*"

52+-15"B1\K18;1B"5O25"02P,0,S1"=Xh="1P4+1BB,)8",8"5O1"+))5B5);F"28*",5B"1P4)+5"5)"5O1"8)8!5+28B-18,;"B;,)8B6"".5"5O1"

;)8;/KB,)8")C"5O1"4+)Q1;5<"5O1";242;,5>")C"5O1"8)8!5+28B-18,;"9,81B"-+2C51*")8"5O1"5+28B-18,;"+))5B5);F"5)"+1B,B5"=3"28*"

4+)*K;1"O,-O"\K2/,5>"-+241B"R,//"L1"51B51*6"

"

INTRODUCTION 

Xylella fastidiosa"VXfY<"5O1";2KB25,91"2-185")C"=,1+;1ZB"*,B12B1"V=3Y",8"-+2419,81B<"O2B"L118")LB1+91*",8",8C1;51*"4)+5,)8B")C"

9,81B6"":191+2/"/,81B")C"19,*18;1"BK44)+5"5O1"O>4)5O1B,B"5O25"Xf"KB1B";1//"R2//!*1-+2*,8-"18S>01B"VDU37BY"5)"*,-1B5"5O1"

4)/>B2;;O2+,*1B")C"4/285"4,5"010L+281B"B142+25,8-"5O1"1/10185B")C"5O1"R251+!;)8*K;5,8-"91BB1/"B>B510")C"4/285B"VTO)+81"15"

2/6<"HIIaY6""Xf"DU37B"L+12F*)R8"28*"5O1+1L>",8;+12B1"5O1"4)+)B,5>")C"5O1B1"5O1B1"4+,02+>";1//"R2//"L2++,1+B<"2//)R,8-"5O1"

B>B510,;"1P428B,)8")C"5O1"425O)-186""TO1"-18)01")C"Xf";)852,8B"-181B"4K525,91/>"18;)*,8-"2"4)/>-2/2;5K+)82B1"VXf=XY"28*"

B191+2/"v!#<&!18*)!-/K;282B1B"V7X2B1Y<"DU37B"5O25"*,-1B5";1//"R2//"41;5,8"28*"P>/)-/K;28"4)/>01+B<"+1B41;5,91/>6""TO1B1"

DU37B"2+1"-))*";28*,*251B"2B"C2;5)+B"5O25"C2;,/,5251"Xf"B>B510,;"0)910185"28*"=3"*191/)401856""T)"*10)8B5+251"5O,B<"

()41+"15"2/6"VHIIGY"*191/)41*"2"=X!*1C,;,185"B5+2,8")C"Xf"28*"BO)R1*"5O25"5O1"0K5285"L2;51+,2/"B5+2,8"R2B"K82L/1"5)";2KB1"=3"

B>045)0B<"5OKB",*185,C>,8-"5O1"425O)-18pB"=X"2B"2"=3"9,+K/18;1"C2;5)+6"f2L29,5;O"15"2/6"VHIIaY"+14)+51*"5O25",85+)*K;5,)8")C"

=X"28*"7X2B1",85)"1P4/2851*"B510B")C"K8,8C1;51*"-+2419,81B";2KB1*"L+12F2-1")C"5O1";1//"R2//")C"5O1"=@"28*<"BKLB1\K185/>"

Vf2L29,5;O<"HIIGY<"*10)8B5+251*"5O25"BKLB5+251B"C)+"5O1B1"18S>01B<"41;5,8B"28*"P>/)-/K;28B<"2+1"4+1B185",8"-+2419,81"=@B6"

"

=X!,8O,L,5,8-"4+)51,8B"V=Xh=BY"4+)*K;1*"L>"4/285B"/,0,5"*202-1";2KB1*"L>"CK8-2/"425O)-18B"VB. cinerea<"5O1"-+2>"0)/*"

425O)-18Y"2B"R1//"2B"L>",8B1;5B"VLygus hesperus<"5O1"R1B51+8"52+8,BO1*"4/285"LK-Y"V=)R1//"15"2/6<"HIIIW":O2;F1/"15"2/6<"HII'Y6""

=Xh=B"O291"L118"BO)R8"5)"L1"B1/1;5,91",8O,L,5)+B")C"=XB"4+)*K;1*"L>"B)01"CK8-2/"425O)-18B"28*",8B1;5B<"LK5"R1+1"+14)+51*"

5)"L1",81CC1;5,91",8",8O,L,5,8-"L2;51+,2/"=XB"VD1+9)81"15"2/6<"#$$IY6""N)R191+<".-w1+)"15"2/6"VHII'Y"L>",85+)*K;,8-"2"412+"C+K,5"

=Xh="-181"V:5)5S"15"2/6<"#$$%W"=)R1//"15"2/6<"HIIIY",85)"5+28BC)+01*"-+2419,81B"*10)8B5+251*"5O25"5+28B-18,;"9,81B"1P4+1BB,8-"

5O1"412+"=Xh="1PO,L,5"*1;+12B1*"BKB;145,L,/,5>"5)"L)5O"CK8-2/"VB. cinereaY"28*"L2;51+,2/"VXfY"425O)-18B6""TO,B"+1BK/5",04/,1*"

5O25"5O1"412+"=Xh="4+)9,*1*"4+)51;5,)8"2-2,8B5"=3"L>",8O,L,5,8-"5O1"Xf"=X"9,+K/18;1"C2;5)+<"28*",8"9,5+)"2BB2>B"KB,8-"4K+,C,1*<"

+1;)0L,8285"Xf=X"1P4+1BB1*",8"E. coli<"()41+"VHIIaY"*10)8B5+251*"5O25"Xf=X"R2B",8O,L,51*"L>"5O1"412+"=Xh="Vf2L29,5;O<"

HIIaY6""h8"2**,5,)8<".-w1+)"15"2/6"VHII'Y"*10)8B5+251*"5O25"5+28B-18,;"412+"=Xh=";)K/*"L1"5+28B4)+51*"2;+)BB"2"-+2C5"QK8;5,)8"

)C"-1815,;2//>"18-,811+1*"-+2419,81B",85)"5O1"21+,2/"4)+5,)8B")C"R,/*!5>41"B;,)8B6"

"

TO1")91+2//"-)2/")C"5O1"4+)Q1;5",B"5)"*191/)4"5+28B-18,;"-+241"+))5B5);F"/,81B"5O25")45,02//>"1P4+1BB"=Xh=B"5O25"0)B5"

1CC1;5,91/>",8O,L,5"Xf=X6""TO1"4+)Q1;5",B"*1B,-81*"5)",*185,C>"=Xh=B"5O25"0)B5"1CC1;5,91/>",8O,L,5"Xf=X"28*"5)")45,02//>"

1P4+1BB"5O25"=Xh=",8"-+2416""TO1")45,0,S25,)8")C"1P4+1BB,)8",8;/K*1B"5O1"KB1")C"5+28BC)+025,)8";)04)8185B"R,5O"*1C,81*"

h851//1;5K2/"=+)41+5>"Vh=Y"28*"+1-K/25)+>";O2+2;51+,B5,;B<"2B"R1//"2B"B1\K18;1B"5O25"+1BK/5",8"5O1"02P,02/"1P4+1BB,)8")C"5O1"

=Xh=B",8"+))5B5);FB"28*"5O1"1CC,;,185"5+28B4)+5")C"=Xh="4+)51,8B"5O+)K-O"5O1"-+2C5"QK8;5,)8B"5)",8O,L,5"Xf"=X"4+)*K;1*"L>"5O1"

425O)-18",8"B;,)8B6"

"
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OBJECTIVES 

#6" 31C,81"2"425O"C)+";)001+;,2/,S25,)8")C"2"=3";)85+)/"B5+251->"KB,8-"=Xh=B<"C);KB,8-")8"h="28*"+1-K/25)+>",BBK1B"

2BB);,251*"R,5O"5O1"KB1")C"=Xh=B",8"-+241"+))5B5);FB6""

H6" h*185,C>"4/285"=Xh=B"5O25"02P,02//>",8O,L,5"Xf"=X6"""

%6" .BB10L/1"5+28B;+,45,)8"+1-K/25)+>"1/10185B<"Xf!,8*K;,L/1"4+)0)51+B"28*"B,-82/"B1\K18;1B"5O25"02P,0,S1"=Xh="

1P4+1BB,)8",8"28*"5+28B4)+5"C+)0"+))5B6""

&6" D+1251"=Xh=!1P4+1BB,8-"+))5B5);FB"28*"192/K251"5O1,+"=3"+1B,B528;16"

"

RESULTS AND DISCUSSION 

(1B12+;O"]LQ1;5,91B"C)+"i12+"#!""

.6""Use existing pear PGIP-expressing grapes, test PD susceptibility of normal scions grafted to PGIP-expressing and -

exporting roots."

.-w1+)"15"2/6"VHII'Y"*1B;+,L1*"5O1"KB1")C"5+28B-18,;"pTO)04B)8":11*/1BB"VT:Yp"28*"pDO2+*)882>"VDOYp"-+2419,81B"1P4+1BB,8-"

5O1"412+"C+K,5"=Xh=",8"1P41+,0185B"5O25"BO)R1*"5O25"V#Y"O,-O"/191/"=Xh="1P4+1BB,)8",8"-+241"5,BBK1B"B/)RB"5O1"*191/)40185")C"

=3"B>045)0B",8"811*/1!,8);K/251*"9,81B"28*"VHY"=Xh="1P4+1BB1*"L>"2"5+28B-18,;"+))5B5);F",B"5+28B4)+51*"9,2"5O1"P>/10"

5O+)K-O"5O1"-+2C5"QK8;5,)8"28*",85)"5O1"B510B")C"K85+28BC)+01*"T:"28*"DO"B;,)8B6""TO1",8);K/25,)8"51B5B"R1+1"41+C)+01*")8"

8)8!-+2C51*"5+28B-18,;"9,81B<"5OKB"L)5O"+))5"28*"BO))5"5,BBK1B"R)K/*"O291"L118"1P4+1BB,8-"5O1"412+"=Xh=!18;)*,8-"5+28B-181"

V=;=Xh=Y6""N)R191+<"5)"*251<"R1"O291"8)5"BO)R8"5O25"=Xh="1P4+1BB1*",8"28*"5+28B/);251*"C+)0"+))5B",85)"8)8!5+28B-18,;"

BO))5B";28"4+)9,*1"=3"4+)51;5,)86""h8,5,2/"51B5B")C"5O,B",*12"R,//"KB1"-+2C51*"4)+5,)8B")C"5O1"5+28B-18,;"T:"28*"DO"9,81B"5O25"

R1+1"-181+251*"L>"3+6".-w1+)6"

"

U1"VX+191"28*"f2L29,5;OY"O291"02,852,81*"B191+2/")C"5O1B1"5+28B-18,;"-+241"/,81B"28*"O291",8;+12B1*"5O1"8K0L1+")C"4/285B"

292,/2L/1"91-1525,91/>6""h8"2**,5,)8<"R1"O291";)8C,+01*"5O25"5O1>"B5,//"5+28B4)+5"=Xh=",8"5O1"P>/10"B246""n2;"DO1B58K5<"2"

-+2*K251"B5K*185"CK8*1*"5O+)K-O"5O,B"4+)Q1;5<"2/B)"O2B"282/>S1*"5O1"4/285B"L>"=D("5)";)8C,+0"=;=Xh="1P4+1BB,)86""U1"2+1"

8)R"4/288,8-")K+"-+2C5,8-"B5+251->",8";)8BK/525,)8"R,5O"3+6".8*>"U2/F1+6""]91+"5O1"`2//"28*"U,851+<"R1"R,//"-181+251"4/285B"

R,5O"412+"=Xh=!1P4+1BB,8-"/,81B"2B"+))5B5);FB"28*"8)8!5+28B-18,;"/,81B"2B"B;,)8B6""TO1B1"R,//"L1"0282-1*",8"5O1"-+118O)KB1"

)91+"5O1"U,851+"28*"5O1"1P4+1BB,)8"28*"5+28B4)+5")C"412+"=Xh="R,//"L1";)8C,+01*",8"12+/>":4+,8-6""h8":4+,8-<"R1"R,//"*)"

,8);K/25,)8B")C"5O1B1"4/285B"28*";)042+2L/1"4/285B"R,5O"8)8!5+28B-18,;"+))5B"28*"B;,)8B"28*"C)//)R"5O1"*191/)40185")C"

*,B12B1"B>045)0B"28*<"812+"5O1"18*")C"5O1",8;KL25,)8")C"5O1B1",8);K/251*"4/285B<"KB1"*1B5+K;5,91"B204/,8-"5)"*151+0,81"5O1"

1P5185"5)"RO,;O"5O1"Xf"4)4K/25,)8"O2B"B4+12*",8"5O1"9,816""U1"R,//"KB1"L)5O"5O1"9,+K/185"u`15S1+u"Xf"B5+2,8"28*"5O1"u`15S1+u"

B5+2,8"RO)B1"B,8-/1"=X!18;)*,8-"-181"R2B"F8);F1*")K5"V()41+"15"2/6<"HIIGY6""3+6"()41+"KB1*"5O1"=X"F8);F!)K5"/,81"5)"

*10)8B5+251"5O25"5O1"425O)-18pB"=X",B"2"=3"9,+K/18;1"C2;5)+6""

"

"

"
"

"

E6"Express PGIPs in .+2L,*)4B,B and test for optimal inhibition of cC PG."

]K+"B5+251->",B"5)",*185,C>"4/285"=Xh=B"5O25"2+1"02P,02//>"1CC1;5,91",8",8O,L,5,)8")C"5O1"Xf"=X"28*",*185,C>,8-"5O25")45,02/"

=Xh=",B"28)5O1+")LQ1;5,91")C"5O1"C,+B5">12+pB"R)+F6""Arabidopsis"/,81B"O291"L118"5+28BC)+01*"5O+)K-O"5O1"C/)+2/"*,4"51;O8,\K1"

KB,8-"Agrobacterium!01*,251*"5+28BC)+025,)8"91;5)+B"VD/)K-O"28*"E185<"#$$dY6""T+28BC)+025,)8"91;5)+B"R1+1"2BB10L/1*"

KB,8-"4D.@Eh."91;5)+B"VO554^mmRRR6;20L,26)+-62Km*2,B>m;20L,2m'd'6O50/Y"5O25"2+1"C+11"C+)0",851//1;5K2/"4+)41+5>"

+1B5+,;5,)8B6""U1"O291"BK;;1BBCK//>"1P4+1BB1*"B1\K18;1B"18;)*,8-"C,91"C+K,5"=Xh=B"V)81"C+)0"412+"28*"C)K+"C+)0"5)025)Y"

KB,8-"5O1"D.@Eh."91;5)+"4#%I#<"/,8F,8-"5O1"=Xh=B"5)"5O1"4)/>!N,B"52-"R,5O"28",851+918,8-"4+)512B1"c2";/1292-1"B,51"

VFigure 1Y6""T)"4+142+1"5O1"5+28BC)+025,)8"91;5)+B<"R1"+10)91*"5O1"XA:";)*,8-"+1-,)8"C+)0"4#%I#"28*"+14/2;1*"5O25"

B1\K18;1"R,5O"5O1"=Xh="CK//!/18-5O";)*,8-"B1\K18;1B",8;/K*,8-"5O1"B,-82/"4145,*1"B1\K18;1B"C)+"1P5+2;1//K/2+"52+-15,8-6""U1"

O291"B1/C!;+)BB1*"5O1B1"/,81B"28*")L52,81*"O)0)S>-)KB"4+)-18>",*185,C,1*"L>"+1B,B528;1"5)"5O1"B1/1;52L/1"02+F1+"28*"L>"=D("

C)+"5O1"5+28B-18,;"B1\K18;1B6""U1"2+1"192/K25,8-"RO15O1+"5O1"=Xh=B"R1"O291"1P4+1BB1*",8"Arabidopsis"KB,8-"5O1"0)*,C,1*"

4#%I#"28*"5O1"D2@g"%':"4+)0)51+"2+1"2;5,91"28*"O291"244+)4+,251",8O,L,5,)8"B41;,C,;,5,1B<"28*"R1"R,//";)85,8K1"5)",8;/K*1"

5O1",851+918,8-"4+)512B1"c2";/1292-1"B,51"B)"5O25<",C",5",B"81;1BB2+>"C)+")L52,8,8-"2;5,91",8O,L,5,8-"4+)51,8<"5O1"4)/>!N,B"52-"

KB1*"C)+"2CC,8,5>"4K+,C,;25,)8")C"5O1"1P4+1BB1*"=Xh=B";28"L1"+10)91*"L>"4+)512B1"c2"2C51+"4K+,C,;25,)86""U1"2/B)"O291"

,*185,C,1*"5O+11"M. truncatula"=Xh=!/,F1"B1\K18;1B"28*"2+1",8"5O1"0,*B5")C"4+142+,8-"Arabidopsis"5+28BC)+025,)8"91;5)+B"C)+"

5O1,+"1P4+1BB,)86""`)+"5O,B"4+)4)B2/<"R1"R)K/*"/,F1"5)"2**"5)"5O1";)//1;5,)8"'!a")5O1+"=Xh=!/,F1"B1\K18;1B"5O25"R1"O291"

,*185,C,1*"L2B1*")8"4O>/)-1815,;";)042+,B,)8B"28*";O2+-1";)042+,B)8B")C"=Xh=B"VTables 1 & 2; Figure 2Y6"

"

TO1"5)52/";O2+-1")8"4+)51,8B",B"*151+0,81*"L>"4N"28*"5O1"B1\K18;1B")C"12;O"4+)51,86""TO1"5)52/";O2+-1")C"5O1"4+)51,8B"02>"

B1+91"2B"2"-181+2/"-K,*1"5)R2+*B"4+1*,;5,8-"RO15O1+"=XB"28*"=Xh=B",851+2;5"28*"5O1+1C)+1"RO15O1+"2"B41;,C,;"=Xh=",B"/,F1/>"5)"

Figure 1."":;O1025,;"*,2-+20")C";)8B5+K;5B"C)+"=Xh=B"
28*"=Xh=!/,F1"4+)51,8B"/,8F1*"5)"5O1";/1292L/1"4)/>!N,B"
52-"28*"1P4+1BB1*",8".+2L,*)4B,B6"

Protease Xa site Poly!His tag"PGIP sequence 
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,8O,L,5"B41;,C,;"=XB6""D1+52,8/><"5O1"B41;,C,;"/);2/";O10,B5+>",B"0)B5",04)+5285<"LK5"5O1"5)52/";O2+-1"02>"B1+91"2B"2"*12/"

L+12F1+<"B)"5)"B412F<")C"5O1"4)BB,L,/,5>"5O25"2"=X",851+2;5B"R,5O"2"=Xh=6""328"e,8-"VT2>/)+"A8,96Y",B"L1-,88,8-"5)"1P20,81"5O1"

Xf=X"4+)51,8<"2B",5",B"\K,51"K8KBK2/6""TO1";O2+-1")C"5O1"Xf=X",B"K8KBK2//>"4)B,5,91"VxHHY6""TO1")8/>"=XB"e,8-"O2B";)01"2;+)BB"

R,5O"BK;O"4)B,5,91";O2+-1B"2+1"4K525,91"4/285"=XB<"BK;O"2B"2"-+241"=X"V..ed#dGaY6""h851+1B5,8-/><"5O1"-+241"=Xh=",B"

42+5,;K/2+/>"4)B,5,91"2B"R1//"Vx#$Y6""(1-2+*/1BB")C"/);2/";O10,B5+,1B<",5"R)K/*"L1"O2+*"5)",02-,81"5O1"Xf=X"28*"5O1"-+241"=Xh="

4+)51,8B"O29,8-"2"B5+)8-",851+2;5,)8"C)+"12;O")5O1+6""`+)0"28)5O1+"4),85")C"9,1R<"5O1"412+"=Xh="O2B"BO)R8"B)01"2L,/,5>"5)"

,8O,L,5"5O1"Xf=X<"28*"5O1"412+"=Xh="O2B"2"42+5,;K/2+/>"B02//";O2+-1"Vx$Y6""Table 1"BO)RB"B)01"1P204/1B")C"5O1"5)52/";O2+-1B"

)C"=XB"28*"=Xh=B"25"B,P"4N"92/K1B6"

"

"

"

Table 1.""T)52/"=+)51,8"DO2+-1"9B6"4N")C"B1/1;51*"=XB"28*"=Xh=B"

" =X" =Xh="
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%6'I" &I6$$" #G6$I" &6G$" HG6H'" %6dd" H#6$&" #I6&a" %I6dd" %H6#$" %#6'#" H%6IG" HH6G&" H&6G&" %I6dH" Hd6'H" %a6%G" H&6HH" H'6H#"

&6II" %#6%I" ##6H'" !$6'%" #d6&'" !##6&I" #H6da" !H6#%" H'6'#" HG6Ha" H&6$d" #a6IG" #G6aH" #$6aH" H&6&%" H#6da" H$6&$" #G6&H" #d6d'"

&6'I" HH6H&" '6&&" !H%6'a" $6$H" !Ha6&%" &6Id" !#&6%d" HI6I%" HH6&" #d6a%" $6HG" #H6$'" #&6$'" #d6I#" #'6H%" HH6'a" #I6dd" #%6%#"

'6II" #a6%$" H6IG" !%H6Id" &6aG" !%'6'a" !#6%'" !H#6dI" #a6Ha" #$6H%" #&6'&" '6I%" #I6#G" #H6#G" #%6d" #I6$a" #d6IH" a6G$%" #I6#d"

'6'I" ##6$I" !I6#%" !%a6#G" #6da" !%$6GG" !&6%a" !H'6&#" #%6'&" #G6#'" ##6d&" H6a&" d6''" #I6''" ##6#&" d6&I'" #'6HH" &6%&&" d6%%%"

a6II" a6G$" !H6%a" !%d6&a" !I6HI" !&#6$I" !a6a$" !HG6'%" #I6ad" #'6#&" $6H#" I6G%" G6#%" $6#H$" d6G%%" a6H%a" #H6G'" H6H#a" a6a%G"

"

"

TO,B"5)52/";O2+-1"282/>B,B"O2B"BK--1B51*"5)"KB"5O25"L>"1P20,8,8-"=Xh=B"5O25"O291"L118",*185,C,1*",8")5O1+"4/285B<"R1";28"B1/1;5"

=Xh=B"5O25"2+1"/,F1/>"5)"L1"-))*";28*,*251B"C)+",8O,L,5,8-"Xf=X"28*"1P4+1BB"5O1B1"=Xh=B",8"Arabidopsis"C)+"192/K25,)86""T)"

2;;)04/,BO"5O,B<"R1"O291",*185,C,1*"'H"8)8!+1*K8*285"=Xh=B",8"X18E28F"VTable 2Y"28*"R1"O291"192/K251*"5O1,+"B1\K18;1"

B,0,/2+,5,1B"VFigure 2Y6""

"

"

"
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Table 2.""f,B5")C"=Xh="B)K+;1B6"

D)00)8"8201" :41;,1B" =+)51,8"2" .;;1BB,)8"bK0L1+L"

D)00)8"L128<"4,85)"L128" Phaseolus vulgaris";96"=,85)" =9=Xh=#" .Mda&'Ia"

D)00)8"L128<"4,85)"L128" Phaseolus vulgaris";96"=,85)" =9=Xh=H" .Mda&'IG"

D)00)8"L128<"4,85)"L128" Phaseolus vulgaris";96"=,85)" =9=Xh=%" .Mda&'Id"

D)00)8"L128<"4,85)"L128" Phaseolus vulgaris";96"=,85)" =9=Xh=&" .Mda&'I$"

:)>L128" Glycine max";96"U,//,20B"dH" X0=Xh=#" .M$GHaaI"

:)>L128" Glycine max";96"U,//,20B"dH" X0=Xh=H" .M$GHaa#"

:)>L128" Glycine max";96"U,//,20B"dH" X0=Xh=%" .M$GHaaH"

:)>L128" Glycine max";96"U,//,20B"dH" X0=Xh=&" .M$GHaa%"

A01"VM242821B1"24+,;)5Y" Prunus mume";96"32/," =0K=Xh=" 3[%a&I'a"

DO,81B1"4/K0<"M24281B1"4/K0" Prunus salicina";96"P,2)OK28-/," =B2=Xh=" 3[%a&I''"

D)00)8"41441+" Capsicum annum";96"2+F2"2LO,+" D2=Xh=" .@#d##G&"

DO,81B1";2LL2-1" Brassica rapa"BKLB46"pekinensis" E+=Xh=" .i$a&#II"

X+288>":0,5O"244/1" Malus"P"domestica";96"X+288>":0,5O" @*=Xh=" 3[#d'Ia%"

=12;O" Prunus persica =41=Xh=" .i$I%H#d"

U,/*"4/K0<".01+,;28"4/K0" Prunus americana =20=Xh=" .idd%&#d"

`/10,BO"E12K5>"412+" Pyrus communis";96"`/10,BO"E12K5>" =;`=Xh=" .i%%%#I'"

.B,28"412+" Pyrus pyrifolia";96"e,8;O2FK" =4>eK=Xh=" .i%%%#I%"

=)525)" Solanum tuberosum";96"hB5+,8BF,," :5=Xh=" .iaaHad#"

U,/*";2++)5" Daucus carota 3;=Xh=" .iId#H#&"

`2/B1":4,+212" Sorbaria sorbifolia :B=Xh=" .`#$a$&G"

DO,81B1"`,+15O)+8" Pyracantha fortuneana =C=Xh=" .`#$a$H$"

T2,R281B1"=O)5,8,2" Photinia serratifolia =B1=Xh=" .`#$a$IG"

]81B11*"N2R5O)+81" Crataegus monogyna D0=Xh=" .`#$add#"

@2O2/1L";O1++>" Prunus mahaleb =02=Xh=" .`Ha%&a'"

E2+5/155"412+" Pyrus communis";96"E2+5/155" =;E=Xh=" fI$Ha&"

TO2/1";+1BB" Arabidopsis thaliana"VD)/6Y" .5=Xh=#" b@y#HIGa$"

TO2/1";+1BB" Arabidopsis thaliana"VD)/6Y" .5=Xh=H" b@y#HIGGI"

E)R028pB"+))5" Gillenia trifoliata X5=Xh=" .`#$a$#'"

`/)R1+,8-"[K,8;1" Chaenomeles speciosa DB4=Xh=" .`#$adG#"

(241" Brassica napus";96"3N#HIG'" E8=Xh=#" .`'H$a$H"

(241" Brassica napus";96"3N#HIG'" E8=Xh=H" .`'H$a$&"

(241" Brassica napus";96"3N#HIG'" E8=Xh=%" .`'%#&'a"

(241" Brassica napus";96"3N#HIG'" E8=Xh=&" .`'%#&'G"

.4+,;)5" Prunus armeniaca";96"@2+,//1"E2K1+" =2+=Xh=" .`IHIGd'"

DO1++>"5)025)" Solanum lycopersicum";96"g`bT"

DO1++>"

f1=Xh=" fHa'H$"

e,R," Actinidia deliciosa";96"N2>R2+*" .*=Xh=" n&$Ia%"

h>)F28" Citrus iyo D,=Xh=#" .EI#aHI'"

h>)F28" Citrus iyo D,=Xh=H" .EI#aHIa"

()K-O"/10)8" Citrus jambhiri DQ=Xh=#" .EI#%%$G"

()K-O"/10)8" Citrus jambhiri DQ=Xh=H" .EI#'#$d"

:R115")+28-1" Citrus sinensis";96"N20/,8" DB,=Xh=" iIda#d"

@,F28" Citrus unshiu DK=Xh=" .EI#aHI&"

D2++)5" Daucus carota";96".K5K08"e,8-" 3;.`=" .`I''&dI"

(1*"(,91+"XK0" Eucalyptus camaldulensis 7;=Xh=" .`#'$#ad"

()B1"-K0"V`/))*1*"-K0Y" Eucalyptus grandis 7-=Xh=" .`#'$#aG"

:O,8,8-"-K0" Eucalyptus nitens 78=Xh=" .`#'$#G#"

:>*81>"E/K1"XK0" Eucalyptus saligna 7B=Xh=" .`#'$#GI"

T,0)+"UO,51"XK0" Eucalyptus urophylla 7K=Xh=" .`#'$#a$"

eK0\K25" Fortunella margarita `0=Xh=" .EIHI'H$"

T+,C)/,251")+28-1" Poncirus trifoliata =5=Xh=" .EIHI'Hd"

.B,28"412+" Pyrus pyrifolia";96"e,FKBK," =4>e,=Xh=" .EIH#G$#"

(1*"+2B4L1++>" Rubus idaeus";96".K5K08"E/,BB" (,=Xh=" .MaHI%%a"
2=+)51,8"8201B"-,918"5)"025;O"2LL+19,25,)8B"KB1*",8"Figure 2."
LX18E28F"8K;/1)5,*1"2;;1BB,)8"8K0L1+B6"

"
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XfPG Sequence 

Figure 36"":;O025,;"*,2-+20")C"5O1"4@TE,="91;5)+"KB1*"5)"5+28BC)+0"

3+)B)4O,/2";1//B"C)+"Xf=X"1P4+1BB,)8"

D6"Optimally express cC PG, using recombinant 

protein expression systems""

:,8;1"4+19,)KB"E. coli"=X")91+!1P4+1BB,)8"B5K*,1B"

+1BK/51*",8"B,-8,C,;285"20)K85B")C"4+)51,8"LK5"/,55/1"

2;5,9,5>"V()41+<"HIIaY<"R1"VR,5O";)!=h"E))5O"25"

T1P2B":5251"A6"!":28"@2+;)BY"R,//"K5,/,S1"2"

3+)B)4O,/2"1P4+1BB,)8"B>B5106""`)+"1P4+1BB,)8",8"

3+)B)4O,/2<"R1"4+)L2L/>"R285"5R)"91+B,)8B")C"5O1"

Xf=X<",C"4)BB,L/1W")81"R,5O"5O1"285,L)*>"14,5)41"28*"

)81"R,5O)K5"V,8";2B1"5O1"14,5)41";2KB1B"5+)KL/1Y6""""

TO1"Xf=X"-181"R,//"L1"/,-251*",85)"4@TE,=mg'!

N,B."VFigure 3Y"28*"5+28BC)+01*",85)"3+)B)4O,/2"

:;O81,*1+"H";1//B"KB,8-"4+)5);)/B"4+)9,*1*"L>"

h89,5+)-18"28*"0)*,C,1*"L>"=+)C6"E))5O6""7P,B5,8-"

;/)81*"Xf=X"R,//"L1"+1204/,C,1*"L>"=D("5)";+1251"28"

b;)h"B,51"25"5O1"b"51+0,8KB"28*"4+)L2L/>"28"cO)h"

B,51"25"5O1"D"51+0,8KB6""TO1"B1\K18;1")C"5O1"Xf=X"

R,//"L1";O1;F1*"28*"5O1"D"51+0,8KB")C"5O1",8B1+51*"

Xf=X"R,//"L1"0)*,C,1*"L>"=D("5)"4+)*K;1"28",8!

C+201"CKB,)8"5)"D"51+0,82/"2**,5,)8B"Vg'"V5O1"14,5)41"

C)+"*151;5,)8Y"x"aPN,B"VC)+"2CC,8,5>"4K+,C,;25,)8"R,5O"

b,YY"R,5O)K5"28",851+918,8-"B5)4";)*)86""."B1;)8*"

1P4+1BB,)8";)8B5+K;5"R,//"2/B)"L1"4+142+1*"5O25"

,8;/K*1B"5O1"Xf=X"B5)4";)*)8"L1C)+1"5O1"D"51+0,82/"

2**,5,)8B",8";2B1"5O1>",851+C1+1"R,5O"4+)51,8"C)/*,8-6""

@)+1"*152,/1*"2BB2>B")C"2;5,91"4+142+25,)8B"VX+)BB<"

#$dHW"()41+"15"2/6<"HIIGY"R,//"L1"*)81"25"AD"329,B"

5)";O2+2;51+,S1"5O1"1P4+1BB1*"+1;)0L,8285"Xf"=X6""]8;1"18S>01"2;5,9,5>",B";)8C,+01*<"1P4+1BB,)8"R,//"L1")45,0,S1*"L>"

92+>,8-"5O1";)8;185+25,)8"28*"5,01")C"1P4)BK+1"5)"5O1",8*K;1+"C)//)R1*"L>"4K+,C,;25,)8"R,5O"8,;F1/"2CC,8,5>";O+)025)-+24O>6""

"

3. Evaluate IP and licensing status of the plant expression construct components for the PGIP-based rootstock strategy. 

"

`)+"5O,B"4+)Q1;5<"R1"4+)4)B1*"5)"

*191/)4"2"=Xh="4/285"5+28BC)+025,)8"

;)8B5+K;5"5O25")45,02//>";)8C1+B"

5)/1+28;1"5)"=3".b3"5O25"O2B"

02P,0K0"/1-2/"C+11*)0!5)!)41+251"

V`T]Y"R,5O"+1B41;5"5)"5O1"K8*1+/>,8-"

,851//1;5K2/"4+)41+5><"5OKB"4+)9,*,8-"5O1"

02P,0K0"4)5185,2/"5)"-2,8"+1-K/25)+>"

244+)92/6""TO1"+1BK/5B")C"2"4+1/,0,82+>"

h="2K*,5")C"5O1")+,-,82/"=Xh="1P4+1BB,)8"

;)8B5+K;5"VB11".-w1+)"15"2/6"HII'Y"

+1912/1*"5O1"3b."0)*K/1";)852,81*"2"

8K0L1+")C"4+)4+,152+>";)04)8185B"

,8;/K*,8-^"5O1"D2@g%':"4+)0)51+"28*"

5O1"845hh"VF2820>;,8Y"B1/1;5,)8"02+F1+"

4251851*"L>"@)8B285)"D)0428><"5O1"

XA:"02+F1+"-181"4251851*"L>"

D.@Eh.<"28*"5O1"412+"=Xh="-181"

4251851*"L>"5O1"A8,91+B,5>")C"

D2/,C)+8,26"f,;18B,8-"5O1B1"4+)4+,152+>"

51;O8)/)-,1B<"42+5,;K/2+/>"C+)0"5O1"

4+,9251"B1;5)+<"02>"4+)91"5)"L1"2"OK+*/1"

C)+";)001+;,2/"*14/)>01856""

`K+5O1+0)+1<"5O,B"282/>B,B"2/B)"8)51*"

5O1"4+1B18;1")C"5O1"XA:!02+F1+"-181"

28*"N,B"52-B<"RO,;O"2/5O)K-O"81;1BB2+>"

*K+,8-"5O1"4+))C!)C!;)8;145"4O2B1<"02>"

;)04+)0,B1"*)R8B5+120"+1-K/25)+>"

244+)92/")C";)001+;,2/"5+28B-18,;"

4/285B6""T)"2*928;1"5O,B"4+)Q1;5"L1>)8*"

Figure 2.""A8+))51*"4O>/)-1815,;"5+11")C"=Xh=B6"
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5O1"j4+))C")C";)8;145k"B52-1<"5O1"=KL/,;"h851//1;5K2/"=+)41+5>"(1B)K+;1"C)+".-+,;K/5K+1"V=h=(.Y",B";)8*K;5,8-"28",8!*145O"

282/>B,B")C"2//";)04)8185"51;O8)/)-,1B"5O25"R,//"L1",851-+251*",85)"5O1"=Xh="-181";)8B5+K;5"2B"R1//"2B"5O1"182L/,8-"

51;O8)/)-,1B"+1\K,+1*"5)"5+28BC1+"5O1"=Xh=";)8B5+K;5",85)"2"-+241"+))5B5);F6""TO,B"282/>B,B"2/B)"R,//"2BB1BB"5O1"/,F1/,O))*"5O25"

;)04)8185B")C"5O1"=Xh="-181";)8B5+K;5"R,//"L1"2L/1"5)"-2,8"+1-K/25)+>"244+)92/"C)+";)001+;,2/,S25,)86"

"

CONCLUSIONS 

#6" E1;2KB1")C"5O1"/,0,51*"5,01"5O25"5O1"CK8*B"O291"L118"292,/2L/1"C)+"5O,B"4+)Q1;5"VH"0)85OBY<"5O,B"+14)+5"*);K0185B")8/>"5O1"

2;5,9,5,1B"2;;)04/,BO1*",8"5O25"5,016" "

H6" Xf=X"4+)51,8"O2B"28"K8KBK2//>"O,-O"4)B,5,91";O2+-1"25"5O1"4N"1P41;51*",8"4/285"5,BBK16"

%6" TO1"B1\K18;1B"C)+";K++185/>"292,/2L/1"=Xh=B"O291"L118";)//1;51*"28*";)042+1*"B)"B1/1;5,)8B")C"2**,5,)82/"=Xh=B"5)"L1"

1P4+1BB1*",8"Arabidopsis"+14+1B185"5O1"*,91+B,5>")C"=Xh="B1\K18;1B6"

&6" TO1"5)52/";O2+-1")C"5O1"=Xh="4+)51,8B";28"L1"KB1*"2B"28",8*,;25)+")C"5O1"/,F1/,O))*")C",851+2;5,)8"R,5O"28*",8O,L,5,)8")C"

5O1"Xf=X6"

"

REFERENCES CITED 

.-w1+)"DE<"A+25BK":f<"X+191"fD<"=)R1//".fT<"f2L29,5;O"M@<"@1+1*,5O"D=<"328*1F2+".@6"HII'6"792/K25,)8")C"5)/1+28;1"5)"

=,1+;1ZB"*,B12B1"28*"Botrytis",8"5+28B-18,;"4/285B")C"Vitis vinifera"f6"1P4+1BB,8-"5O1"412+"=Xh="-1816""@)/1;K/2+"=/285"

=25O)/)->"a^"&%!'#6""

D1+9)81"`<"31f)+18S)"X<"=+1BB1>"(<"32+9,//".X<"./L1+BO1,0"=6"#$$I6"D28"=O2B1)/KB"=Xh=",8O,L,5"41;5,;"18S>01B"C+)0"

0,;+)L1B"28*"4/285Bs"=O>5);O10,B5+>"H$^&&G!&&$6"

X+)BB"e6"#$dH6"."+24,*"28*"B18B,5,91"B41;5+)4O)5)015+,;"015O)*"C)+"2BB2>,8-"4)/>-2/2;5K+)82B1"KB,8-"H!;>28)2;1520,*16""

N)+5:;,18;1"#G^$%%!$%&6"

f2L29,5;O"M@"HIIa6"TO1"4,5"010L+281"L2++,1+"5)"Xylella fastidiosa"0)910185",8"-+2419,81B^"E,);O10,;2/"28*"4O>B,)/)-,;2/"

282/>B,B6"HIIa"=,1+;1ZB"3,B12B1"(1B12+;O":>04)B,K06"46"HdI!HdH6"

f2L29,5;O"M@6"HIIG6"TO1"4,5"010L+281"L2++,1+"5)"Xylella fastidiosa"0)910185",8"-+2419,81B^"E,);O10,;2/"28*"4O>B,)/)-,;2/"

282/>B1B6"=+);11*,8-B")C"5O1"HIIa"=,1+;1pB"3,B12B1":>04)B,K0<"46"HdI!HdH6""

f2L29,5;O"M@<"E2;FKB"7.<"@)+-28"36"HIIa6"TO1";)85+,LK5,)8")C"5O1"41;5,8!*1-+2*,8-"18S>01"4)/>-2/2;5K+)82B1"V=XY",8"

5+28B0,BB,)8")C"Xylella fastidiosa"5)"-+241"28*"5O1"KB1")C"=X!,8O,L,5,8-"4+)51,8B"C)+"5+28B-18,;"+1B,B528;1"5)"=,1+;1pB"

*,B12B16"=+);11*,8-B")C"5O1"HIIa"=,1+;1pB"3,B12B1":>04)B,K0<"46"HdG!Hd$6""

=)R1//".fT<"928"e28"M<"518"N291".<"g,BB1+"M<"X+191"fD<"E188155".E<"f2L29,5;O"M@6""HIII6""T+28B-18,;"1P4+1BB,)8")C"412+"
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